Introduction
The radial artery access site laceration is rare. We hereby described a case of radial artery access site laceration during retrieval of a cutting balloon and salvage with embolization.
Case Report
A 47-year-old woman was referred for a dysfunctional brachial-basilic arm fistula. Assessment of her left radial artery revealed a 2.1 mm caliber and a type A waveform on the modified Barbeau test. Our institution s protocol is to use transradial access for tandem lesions in both the juxta-anastomotic and drainage vein so that all the lesions could be treated in a single retrograde fashion. Another advantage of transradial access is ease of hemostasis by manual compression over the puncture site. A 6F radial sheath (Glidesheath Slender, Terumo, Tokyo, Japan) was inserted into the artery at the distal radius. A short focal stenosis in the proximal basilic vein that was resistant to angioplasty via a Mustang high pressure balloon (Boston Scientific, Marlborough, MA, USA) was encountered (Fig.  1a) , and a 6×20 mm cutting balloon (Boston Scientific, Natick, MA, USA) was then inflated to nominal pressure, successfully effacing the stenosis (Fig. 1b) . The cutting balloon was completely deflated and retrieved.
After removal of the cutting balloon, blood was found to be spurting from around the vascular sheath (perisheath bleeding). Suspecting a lacerated sheath, a new 6F sheath was exchanged over the indwelling guidewire. Despite the new sheath in place, peri-sheath blood spurting persisted. A blood pressure cuff was then inflated (30 mmHg above the systolic pressure) over the proximal forearm for temporary hemostasis and a radial pressure bandage (STEPTY P, NICHIBAN Co., Ltd., Tokyo, Japan) was applied over the sheath entry site, which halted the hemorrhage. Inspection of the removed sheath revealed a full-length laceration of the sheath by the atherotome of the balloon. A 5F sheath was inserted Online May 13, 2019 doi: 10.3400/avd.cr.18-00081 into the basilic fistula as a second access and antegrade arteriography of the radial artery was obtained. Laceration with perforation of the radial artery was performed beyond the tip of the sheath (Fig. 2a) . The radial artery was crossed using a V18 guidewire (Boston Scientific, Marlborough, MA, USA), the radial sheath was removed, and a 3×10 mm Sterling balloon (Boston Scientific) was inflated over the distal radial artery including at the entry site for 10 min (Fig. 2b) . Simultaneous external pressure with the radial pressure bandage was re-applied. At the end of the balloon inflation, angiography (without releasing the radial pressure bandage) showed resolution of the previously demonstrated laceration (Fig. 2c) . The radial pressure bandage was then left for the next three hours for complete hemostasis.
After three hours, on removal of the radial bandage, arterial spurting occurred again at the site of sheath entry. Once again, application of the forearm blood pressure cuff and reapplication of the radial pressure bandage was used to secure the hemostasis. At this time, the idea that the laceration of the radial artery was more extensive and severe than initially believed and likely beyond conventional endovascular salvage like stent grafting was thought. A vascular surgical consult was made for surgical repair. Due to the distal radial location, radial artery ligation was the surgery of choice. As such, embolization of the radial artery was thought to be a reasonable and conceptually similar alternative. Through the basilic vein access, a 5F Ber catheter was used to deposit a total of three 4 mm×7 cm Macro-Nester coils (Cook, Bloomington, IN, USA), extending across the puncture site from the distal to mid radial artery (Fig. 3a) . Completion angiography confirmed successful embolization of the distal radial artery and good ulno-palmar collateral flow (Fig. 3b) . Cessation of the puncture site hemorrhage was noted on removal of the radial bandage. The patient was discharged the next day and remained asymptomatic with a functioning fistula at a 6-month follow-up.
Discussion
The literature surrounding transradial dialysis access intervention is currently limited. 1, 2) The overall incidences of severe bleeding complications related to radial access are rare, [1] [2] [3] and unsalvageable access site bleeding is rarely described. The possibility exists that the retrieval of the cutting balloon through the shunt or the tortuous radial artery may have caused deformity of the blades, resulting in laceration of the artery. Researchers previously reported in literature that using a cutting balloon increased the risk of vascular injury during angioplasty of malfunctioning hemodialysis grafts and fistulas. 4) Compared to other transradial peripheral intervention procedures (e.g., liver embolization), dialysis access intervention uses larger devices, which typically require 6-7F sheath access. In our case, the inner diameter of our 6F sheath was about 2 mm while the diameter of the radial artery was 2.1 mm, thus predisposing the artery to injury. A spasm in the radial artery could also cause injury during retrieval of the cutting balloon. Following this incident, we have stopped using cutting balloons in angioplasties involving transradial access. From our experience, sheath laceration by the atherotome of the cutting balloon during retrieval is not uncommon but does not result in arterial injury and usually only requires sheath replacement. From the angiographic finding of laceration beyond the position of the sheath tip (Fig. 2a) to the peri-sheath blood spurt despite a new sheath in-situ and the extensive slit on the radial sheath and rebleeding after initial hemostasis, we believe that the laceration to the distal segment of the radial artery was rather extensive. This was further supported by temporary cessation of the bleeding with balloon inflation and external bandage. Although an angiogram without any rescue maneuver would have confirmed our postulation of a long laceration, this possibility did not exist given the clinical scenario.
Surgical repair of distal radial laceration is known to have limited long term patency of around 50-77% and has the potential risk of associated iatrogenic nerve injury during repair. 5) To this end, simple artery ligation (radial artery sacrifice) is preferred in the presence of adequate palmar collateral circulation. This formed the basis of using coil embolization as an alternative to surgical ligation and has the advantage of being a percutaneous approach.
There are several lessons that could be learned. Firstly, pre-operative assessment of adequate collateral flow to the hand by the modified Barbeau test 3) allowed for safe execution of this bail-out alternative in the emergent situation. Pre-embolization documentation of adequacy of collateral flow is another alternative. Secondly, hemostatic maneuvers such as application of an external blood pressure cuff, balloon inflation, and an external compression bandage should be used as a first line approach to control the radial access bleed.
Conclusion
Coil embolization could be used as a last ditch percutaneous bail-out, should surgical ligation be considered in a severe radial access bleed where hemostatic maneuvers such as application of an external blood pressure cuff, balloon inflation, and an external compression bandage have failed.
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